cis-Diamminedichloroplatinum(ll)-modified oligonucleotides contain-ing either a single intrastrand cross-link at the d(GpG) site or an interstrand cross-link at the d(GpC/GpC) site, were irradiated with 320 to 400-nm light. Upon irradiation, the adducts are photosensitive. Among the photo-induced reactions, the cleavage of the coordination bonds between platinum and the G residues in the interstrand cross-link is demonstrated.
INTRODUCTION
Although cis-diamminedichloroplatinum(ll) (cis-DDP) is one of the most widely used anticancer drugs, the mechanism of its antitumor activity is not yet fully understood. Numerous results suggest that the cytotoxic action of the drug is related to its ability to react with cellular DNA (1-3). The main lesions have been characterized as bifunctional adducts including intrastrand and interstrand cross-links. The two major lesions are intrastrand cross-links at the d(GpG) and d (ApG) sites (4) (5) . The interstrand cross-links, a minor portion (5-10%) of the total lesions, are formed between two guanines on opposite strands (4) (5) at the d(GpC/GpC) sites (6) (7) .
DNA and to a less extent cis-DDP (e0 128 M.cm) (8) (9) . Irradiation of cis-DDP induces the photoaquation of chloride ligands (8) (10) and for the cis-[Pt(glycinato)] complex (11 ). To avoid the possible light effects, the platination reactions are generally carried out in the dark. We wanted to know whether the light could interfere with the stability of the lesions in cis-DDP-modified DNA. In this paper, we report some results showing that even in the wavelength region 320 to 400 nm, both the intrastrand and the interstrand cross-links are photosensitive. Among the photo-induced reactions, the cleavage of the coordination bonds between platinum and the G residues in the interstrand cross-link is demonstrated.
MATERIALS AND METHODS
Deoxyguanosine 
RESULTS AND DISCUSSION
It is known that upon platination, the absorption spectrum of DNA is modified with a bathochromic shift of the band centered at 258 nm and an increase in the absorbance (15-16). We have followed the reaction between cis-DDP and dGMP or DNA by ultraviolet absorption. The results (not shown) relative to DNA confirmed those of the literature. The platination of dGMP induces large changes in the spectra ( fig. 1 ). In the range 250-265 nm the band is red-shifted as in the case of the platinated DNA. By contrast, the absorbance decreases. A qualitative explanation is that in the platinated DNA, there are two effects; one is a decrease of the absorbance due to the binding of cis-DDP to the G residues and the other is an increase of the absorbance due to the unstacking of the base residues (1-3). At > 280 nm, the platinated species absorb more than the unplatinated dGMP. In the inset of fig. 1 , are drawn the spectra in the range 300-400 nm, of a solution of dGMP and cis-DDP immediately after addition of the two reagents and after 24 h of incubation at 37 C, respectively. The conclusion of these experiments is that after platination, DNA and dGMP absorb the light above 320 nm. In the first set of experiments, only the pyrimidine-rich strand in the duplexes was Plabeled at the 5' end. Upon irradiation of the platinated duplex, several products are formed as revealed by the three new bands (b, c and d) on the gel (fig. 2, left) . The bands (b) and (c) migrate much faster than the band (a) (the starting product) which means that the interstrand cross-link has been cleaved. The product (c) migrates as the unplatinated pyrimidine-rich strand (lane U) suggesting that the product (c) is indeed the pyrimidine-rich strand. To confirm this point, the oligonucleotide was eluted from the band (c), mixed with the purine-rich strand and then reacted with dimethylsulfate according to the procedure of Maxam and Gilbert (17). Analysis by gel electrophoresis ( fig. 2, right) of the products of the reaction reveals the cleavage of the oligonucleotide at the level of the G residue in product (c) (this G residue in the platinated duplex does not react with dimethyl sulfate, fig. 2 , right, lane +Pt). These results demonstrate that the N7 position of the G residue in the product (c) is no longer modified by cis-DDP and thus the light has induced the cleavage of the bond between Pt and the G residue in the pyrimidine-rich strand. (c) (band c, G) and with the platinated duplex kept at room temperature during 20 mn in the dark, (+ Pt, G). In the case of the platinated duplex (+ Pt, G), after the reaction with dimethylsulfate and prior to the piperidine step, the platinum residue was removed by treatment with NaCN (18-19). The lanes (-Pt, C and G) are relative to the Maxam-Gilbert-specific reactions for C and G (17) on the unplatinated pyrimidine-rich strand.
Product (b) is the pyrimidine-rich strand bearing an adduct since it migrates slower than the corresponding unplatinated strand. The product (b) was eluted from the gel. After incubation in 0.2 M NaCN (basic pH) to remove the bound Pt residue (18-19), it migrated as the unplatinated pyrimidine-rich strand and the G residue was reactive with dimethylsulfate. Although the nature of the adduct in the product (b) is unknown, these experiments show that upon irradiation of the interstrand cross-link, the bond between Pt and the G residue in the purine-rich strand is cleaved.
In the second set, all these experiments were repeated with the same platinated duplex in which only the purine-rich strand was aP-labeled at the 5' end. The results (not shown) were similar to those presented in fig. 2 fig. 3 . The intrastrand cross-links are also photosensitive but to a less extent than the interstrand cross-link. In addition, the yields and the nature of the photo-products depend upon the conformation (single stranded versus double stranded) of the oligonucleotides. The product (c) was analyzed as described in the case of the interstrand cross-link. The results indicate that the product (c) is the unplatinated pyrimidine-rich strand and thus upon irradiation, the Pt-G .bonds have been cleaved.
In conclusion, the intrastrand cross-link at the d(GpG) site and the interstrand cross-link at the d(GpC/GpC) site are photosensitive, even in the wavelength region 320-400 nm. Care should be taken to avoid to illuminate DNA or even cells, during and after the reaction of platination. Upon irradiation, several products are formed which implies several reactions. Among them, one corresponds to the cleavage of the coordination bonds between Pt and the G residues. Whether the adducts generated upon irradiation could react further with proteins bound to the platinated DNA is under study.
